Recent interested in metabolic syndrome has spurred a great deal of research into the quantitative evaluation of body fat distribution using diagnostic imaging. People with metabolic syndrome are at increased risk of coronary heart disease and other diseases related to plaque buildup in the artery walls e.g., stroke and peripheral vascular disease and type II diabetes.
1-3 Abdominal obesity is one of several risk factors that, taken together, characterize metabolic
syndrome. An excess of visceral fat leads to not only the pot belly or beer belly effect but also to vascular inflammation. 4 To quantify the distribution of body fat, various methods employing automatic or semiautomatic segmentation of both subcutaneous fat and visceral fat have been introduced. [5] [6] [7] Typical studies estimate the area of visceral fat on a single slice located at the navel. [8] [9] [10] However, this single-slice quantification does not accurately measure the full distribution of subcutaneous fat or visceral fat in the entire abdominal field. It is well known that modern computed tomography CT scanners offer isotropic sub-millimeter resolution volumetric scans of the entire abdominal area with considerably shorter scan times. The purpose of this work is to develop a practical and ef f icient computer software tool to assist in the automated estimation of the three-dimensional 3D distribution of the body fat on volumetric CT images.
1-1 Data Acquisition
This study included 32 patients who underwent multi-detector row CT Aquillion 16, Toshiba Medical Systems Corp., Tochigi, Japan scans of the abdomen.
Informed consent was obtained from each subject, and the use of the clinical image data was approved by the
Summary
The objective of this study was to develop a computing tool for full-automatic segmentation of body fat distributions on volumetric CT images. We developed an algorithm to automatically identify the body perimeter and the inner contour that separates visceral fat from subcutaneous fat. Diaphragmatic surfaces can be extracted by model-based segmentation to match the bottom surface of the lung in CT images for determination of the upper limitation of the abdomen. The functions for quantitative evaluation of abdominal obesity or obesity-related metabolic syndrome were implemented with a prototype three-dimentional 3D image processing workstation. The volumetric ratios of visceral fat to total fat and visceral fat to subcutaneous fat for each subject can be calculated. Additionally, color intensity mapping of subcutaneous areas and the visceral fat layer is quite obvious in understanding the risk of abdominal obesity with the 3D surface display. Preliminary results obtained have been useful in medical checkups and have contributed to improved efficiency in checking obesity throughout the whole range of the abdomen with 3D visualization and analysis. 
1-2 M e t h o d o f A u t o m a t i c S e g m e n t a t i o n o f Abdominal Fat
In this work, the default intensity range of fat was chosen as -190 to -30 Hounsfield units HU , a range consistent with previously published literature.
11,12
Visceral fat is defined as the intraperitoneal area with intensities in the fat range defined above, whereas subcutaneous fat is defined as the fat layer between the innermost surface of the skin and the outer margin of the abdominal wall musculature. We developed a fully automatic algorithm to identify the body perimeter and the inner contour that separates the visceral fat from the subcutaneous fat. Before running this algorithm, users must first manually set the range for the segmentation area between segment 8 of the liver S8 and the symphysis pubica, the area on which the model is based. Figure 1 shows the flowchart of the algorithm.
The algorithm starts by detecting the S8 segment of the liver. Next, to eliminate fat around the heart, an automated method is used to extract the diaphragm surface by deforming a thin-plate model to match the bottom surface of the lung. [13] [14] [15] The outer body contour for each slice was extracted using a simple threshold method together with morphological filtering. To extract the subcutaneous layer and visceral fat area on each CT slice, radii from two detected points are drawn at fixed 5-degree increments towards the outer contour in all slices except those in the pelvis Fig. 2a, b , and c . A single point located at the centroid of the extracted body perimeter is used in the slice containing the pelvic cavity. This was done to make a convergent point in the suprapubic region at a lowest slice level. Finally, the extracted subcutaneous layer and the visceral fat area in all slices were rendered as 3D data Fig. 2d . This key issue remains to be clarified. The methods used in this work appear to be rather case specific, and possible extensions and applications of these methods to generic design cases will require further study.
In conclusion, we developed computing tools used to automatically quantify body fat distribution with efficient 3D visualization and analysis, providing insight into obesity-related metabolic syndrome. 
